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BACKGROUND OF THE.INVENTION 

Field oJF the Invention 

lis patent application relates to calculating and reducing electromagnetic 
radiation aVvarying distances from computer and data processing systems. 

Description of the Related Art 



^10 Computer systems in general and personal computer systems in particular have 

i;y 

i.y attained widespread use within many segments of today's society. A personal 

•3 

computer system can usually be defined as a desktop, floor standing, or portable 
microcomputer that includes a system processor, memory, a display monitor, a 
keyboard, one or more diskette drives and a fixed disk storage device. 



1 5 Computer systems are electronic information handling systems which can be 

designed to give independent computing power to one user or a plurality of users. A 
personal computer may also include one or a plurality of peripheral devices which are 
coupled to the system processor and which perform specialized functions. Examples 
of peripheral devices include modems, sound and video devices and specialized 

20 communication devices. Mass storage devices such as hard disks, CD-ROM drives 
and magneto-optical drives are also considered to be peripheral devices. 

Personal computer system components such as integrated circuits are typically 
mounted on or integrated within printed circuit boards. During operation of a data 
processing system having one or more printed circuit boards, the system components 
25 cause electric currents to be generated on or in the printed circuit boards and 
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associated components. Such electric currents often resuh in electromagnetic energy 
being radiated which can interfere with system operation. 

Radiated electromagnetic energy has the capacity to do work (e.g., moving a 
molecule, such as when a microwave oven heats food by using radiated 
electromagnetic energy, or causing electromagnetic interference (EMI) in other 
electronic devices). Accordingly, for a variety of reasons, governmental bodies often 
enact laws placing limits on radiated electromagnetic energy. Because EMI is of great 
concern in the industry, such government standards typically limit the measured 
electric field strength a known distance from the system generating the field. 

Acoprdingly, efforts are made within the industry to limit the EMI generated 
by a system! But limiting generated EMI requires an estimate of the radiation for a 
specific system configuration. After the radiation level is known, reconfiguring the 
system may riduce the amount of EMI. A method is needed to predict radiation 
generated by ^particular system at a fixed distance from the system. The present 
invention addresses this need. 

SUMMARvVrnTHE INVENTION 

The inve^pn relates to a method for calculating radiation ("noise") emitted 
by a computer system. The invention relates to a method for calculating 
electromagnetic radiaqpn. The method models the characteristic radiation from a 
central processing unit a^a modulated Gaussian pulse. The method solves Maxwell's 
equation using finite oiffe^ces in the time domain. After solving Maxwell's 
equation the method d^ermi^s if the radiation emitted by the heat sink is 
capacitively coupled to me radiMion emitted by the remaining components of the 
computer system. The niethod alsb determines whether radiation emitted by the heat 
sink is inductively coupleci to the raoiation emitted by the remaining components of 
the computer system. Finally, the metHtod uses a fast Fourier transform to translate 
time domain data to the freauency domain^ The method also teaches using a 
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computer ^stem, with instructions coded on a computer readable medium to make 
the calculatjobs described. 

BRI^ DESCRIPTION OF THE DRAWINGS 

le present invention may be better understood, and its numerous objects, 
features, aVd advantages made apparent to those skilled in the art by referencing the 
accompany iM dirawings. 

Fig. 1 is a flow diagram of aymethod to predict the electromagnetic radiation 
produced by a computer system or dam processing system. Figure 1 A depicts a flow 
diagram of a prediction of the electromaknetic radiation for the frequency domain 
only. 

Fig. 2 is depicts various configurations of fins and bars for a heat exchanger. 

Fig. 3 is a graphical depiction of the electromagnetic interference produced by 
a specific system using the combinations of fins and bars depicted in Figure 2. 

FloL 4 is a line diagram of a typical computer system for which the 
electromagnetic radiation can be calculated by the present invention. 

The use of tH^ same reference symbols in different drawings indicates identical items 
unless otherwise noted. 

detaA^ ed description 

^e following sets forth a detailed description of a mode for carrying out the 
invention.! The description is intended to be illustrative of the invention and should 
not be take\ to be limiting. 

Inpui\to the program can be divided into 3 categories; information regarding 
the location oS the CPU with respect to the heat sink, heat sink fin geometry and an 
applied modulated Gaussian pulse simulating the radiation characteristics of the CPU. 
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Referring to Figure 1, dat^ from the first category, CPU information, is 
represented by logical step 101. Dogical step 101 allows input of the CPU into a 
computer program. CPU information includes the horizontal and vertical distances 
from the heat sink to the CPU. CP^ information also includes the distance from the 
CPU to the ground. Finally, CPU irmbrmation includes the frequency range of the 
radiation noise emitted from the CPlA and is denoted fhi(frequency-high)- 
fjo^(frequency low) The program willWso consider a second set of parameters for a 
CPU. A second set of parameters allows the program to calculate the radiation 
produced by a single computer having ttvo CPUs, sometimes referred to as a 
multiprocessor. ' 

The second category of data includes the physical characteristics of the heat 
sink and is input into the computer program in logical step 102. Data from the second 
category includes heat fin geometry. Specifically the size, shape, location and nximber 
of fins on the heat sink are inputs to the program. Finally, in the number of bars of 
each heat sink is included in this, the second data category. (Note, a fin is a vertically 
oriented radiating surface, a bar is a horizontally oriented radiating surface.) 

In its first calculation, logical step 103, the program applies a modulated 
Gaussian pulse as excitation. The program uses finite differences in the time domain 
(FDTD) to solve Maxwell's equation. Maxwell's equation provides a method to 
predict the electromagnetic wave in 3 dimensions. Solving Maxwell's equation with 
the variables input in logical steps 101 and 102 provides an estimate of the electronic 
field and magnetic field distribution. In logical step 103, based on the electronic and 
magnetic fields as predicted by Maxwell's equation, the program extrapolates 
radiation produced by the CPU at specific distances, the desired output. 

FDTD is used to solve Maxwell's equation, a differential equation. FDTD is a 
direct second-order discretization of Maxwell's curl equations. The FDTD algorithm 
solves for the electric and magnetic fields using a large number of finite differences in 
time and space instead of solving for the fields using a wave equation. The electrical 
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fields and the magnetic fields are each calculated for each discrete time interval. 
Similarly the electrical field and the magnetic field are calculated for each 3 
dimensional increment of space. Using incremental distances and steps in time allows 
the computer to calculate a solution for the differential equation without completing 
the integration. Assuming a linear, isotropic, non-dispersing, source firee and lossless 
materials. Maxwell's equation is represented by: 



VxE = -u 

dt 



(Equation 1) 



dt 



(Equation 2) 



Referring to Equations 1 and 2, E and H are the electric and magnetic field, 
and ^ and s are the materials permittivity and permeability, respectively. Equation 
1 and Equation 2 can be represented by six scalar equations in Cartesian coordinates. 
The scalar equations are solved in discrete increments with respect to the time and 
space. The discrete increments are determined according to second-order central 
differencing method. Maxwell's equation using discrete elements to solve the electric 
field is: 

ET'{i,j,k) = 



E:{i,j,k)+ 



At 



At 
sAz 



Equation 3 



.1 
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Maxwell's equation using discrete elements to solve the magnetic field is: 



nl~' (i, j. k)+ [e^ (i, j, k)- e;; (i, j, k 



)] 



-— ^[E^(iJ + l,k)-E^(iJ,k)] 



Equation 



3.2 



The definition of the modulated Gaussian pulse is given in Equation 4, below: 




Equation 



wherein /q is the center frequency and has value of ' ^ , in which f^j is 
the starting frequency andfip is the ending frequency. And a and tg are 



Referring to Equation 5, b^fy is the minimum pulse at / = 0. According to the 
present method, bgyf^ is set equal to 0.0001 . Referring to Equation 6, is the 
maximum Gausian pulse level at / = 0. According to the present method, and b^ is set 
equal to 0.001. The frequency range must satisfy Nyquist's law. Therefore, the 
upper threshhold of the frequency bandwidth of the modulated Gaussian pulse is 
determined by: 



a = 




Equation 5 




Equation 6 
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7t ^ 



Equation 7 



Referring to Equation 7, hfxs the maximum component in the Gaussian pulse. 



and in this method, is set equal to 0.001 . 

Referring again to Figure 1 ,\Event 1 04 determines whether capacitive coupling 
exists between the heat sink and cenural processing unit. Capacitive coupling 
represents the radiation noise propagated through electronic field energy. A heat sink 
with a large surface area will induce eleWonic noise through capacitive coupling with 
another source of noise, for example a clock, a central processing unit or a second 
CPU. Capacitance is proportional to surface area, therefore, a heat sink with a larger 
surface area stores more electrical energy ana has a larger capacitance. 

Similarly, a large current loop will produce magnetic noise through 
inductance. Logical step 106 determines if inductive coupling exists between the heat 
sink and a source of noise such as a central processing unit. The size of the loop is 
defined by the path taken by the current over the surface of the heat sink induced by 
the electromagnetic field. The current loop produces a magnetic flux within the 
surface area boimded by the loop. A larger loop produces a larger inductance and a 
stronger magnetic coupling Again, inductive noise is produced by coupling noise 
with a source such as a clock or central processing imit. As above, the inductive 
coupling of the noise to the heat sink propagates noise. (Note, generally "noise" 
refers to radiation within the computer and "radiation" refers to electromagnetic 
energy in the field external to the computer.) 

In logical step 109, the process determines if the current density is acceptable. 
Current density depends on the location of input/out put devices (I/O devices) and 
cables. Certain I/O devices (for example, audio chips, video cards and busses) in 
close proximity to cables carrying certain signals will cause concentrations of current 
which will emit noise at unacceptably high levels. (For example printer, monitor and 
scanner cables may propagate radiation noise incident to the I/O devices.) This noise 
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emission is reduced by increasing the separation between the high noise area and the 
I/O devices and cables. If the current density distribution is not acceptable, the fin 
shape can be changed with new parameters input manually. The program returns to 
Maxwell's equation, logical step 103, and begins again. 

5 If, in logical step 109, the program determines the current density is optimized, 

the program continues to logical step 111. Logical step 1 1 1 calls a fast Fourier 
transform (FFT) which transforms the FDTD results from a time domain into a 
frequency domain. If the electromagnetic interference (EMI) is optimized then the 
program proceeds to logical step 114. Logical step 1 14 determines if the range of the 
10 magnetic resonance of the cpu (f^^^^ includes the magnetic resonance of the heat sin 
(fr). If fr falls within the range defined by f^p^ then the program continues to logical 
;^ step 121, and the program accepts a manual adjustment to the current loop length. 
'J Adding fins to the heat sink increases the loop length due to the lengthened path the 

Ta 

rr - 

;0 current follows along the added fins. The current loop length is decreased by adding 

5 

i^l5 bars to the heat exchanger. Adding bars provides an alternate path for the current, 
thus decreasing the current path. 

After manually adjusting the current loop length the program proceeds to 
logical step 108 and changes the number of fins and the number of bars. After 
changing (by manual input) the nvmiber of fins and bars the program returns to logical 
20 step 103 and again solves Maxwell's equation. 

If fr is not found within the^range defined by f^p^ , then the program proceeds to 
logical step 115. Logical step 115 determines if the amplitude of the electromagnetic 
field exceeds a predetermined level, kn one embodiment, the predetermined level is 
the maximum allowable level of radiation as permitted by a goveming body.) If the 
25 amplitude exceeds the predetermined limit then the program accepts an adjustment to 
the eddy current manually input. After changing the eddy current according to a 
manual input the program also accepts a manljal input into the separation of the fins, 
logical step 117. 
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Those of skill in the ak will recognize that, based upon the teachings herein, 
several modifications may be made to the embodiments shown in Figures 1 . For 
example, steps 104, 106 and 109 may be omitted as discussed below. 

AN EMBODIMENT OF THE INVENTION : 

An embodiment of the invention omits steps 104, 106 and 109 from the 
process. Current EMI test methods^specify EMI levels in the frequency domain only. 
As described above, the invention may be used to determine if capacitive and 
inductive coupling exists. After deterrmning if capacitive and inductive coupling 
exists the present invention may be practrced but limited to the frequency domain. 
(Analysis in the time domain is omitted.) As shown in Figure 1 A, the process begins 
again with the same 2 sets of variables as shown previously in Figure 1 : cpu 
information, logical step 101 and heat sink fin g^eometry information, logical step 102. 

As in Figure 1 before, the f>rocess continues to a fast Fourier transform (FFT) 
as represented by logical step 11 1 . Vi this embodiment, fast Fourier transfers data 
only from the time domain to the frequency domain. In this embodiment, the time 
domain analysis is omitted. The analysis is completed in the frequency domain only. 
After solving the transforming data using\he fast Fourier transform, logical step 111, 
the confirms that the electromagnetic interftrence is at an acceptable level, logical 
step 112. If the electromagnetic interference at an acceptable level, the process 
stops, logical step 130. _ 

If the electromagnetic interference is not at an acceptable level, the process 
determines if f, is within the range defined by f^p^^ If f^ is not within the range defined 
by f^.pu, then manual adjustments are again made to the physical parameters (logical 
steps 121 and 108). If f^ is v^thin the range defined by f^p^^ the program determines if 
the amplitude of the electromagnetic interference is within acceptable levels, logical 
step 115. If the amplitude is not within acceptable levels, manual adjustments are 
again made to the fin Eddy current, logical step 116 and fin separation, logical step 
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117. If the amplitude of the electromagnetic interference is within an acceptable level, 
the program determines if the electromagnetic interference increases unacceptably in 
any specific direction, logical step 118. If the electromagnetic interference increases 
unacceptably in a particular direction, the current orientation is changed in logical step 
119 and the fin shape is also changed, logical step 110. (Note, logical steps 110 and 
1 1 9 are manual steps). If the electromagnetic interference is not worse in a particular 
direction, the process accepts a manual adjustment to the fin geometry. 

Figure 2 is an illustration of configurations of a heat sink. Case A illustrates a 
heat sink with no fins and no bars. Case B illustrates a heat sink with 3 fins and no 
bars. Case 4 illustrates a heat sink with 25 fins and no bars. And Case D illustrates a 
heat sink with 25 fins and 2 bars. 

Figure 3 is a graphical representation of the product of the computer program. 
The x,y graph represents electromagnetic interference versus frequency. The 
maximum electromagnetic value, shown at the maximum value on the X-axis, is 
referred to as the resonance fi*equency. This plot represents the combination of fins 
and bars as Cases A, B, C and D as shown in Figure 2. 



interference generated by a computer system as shovm in Figure 4. Computer system 
430 include^ central processing unit (CPU) 432 connected by host bus 434 to various 
components including main memory 436, storage device controller 438, network 



interface 440, audio and video controllers 442, and input/output devices 444 
connected via im>ut/output (I/O) controllers 446. Heat sink 464 is located adjacent to 
CPU 432 as shown. Those skilled in the art will appreciate that this system 
encompasses all types of computer systems including, for example, mainfirames, 
minicomputers, workstations, servers, personal computers, Intemet terminals, network 
appliances, notebooks, palm tops, personal digital assistants, and embedded systems. 




\e present invention may be used to calculate the electromagnetic 
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Typically computer system 430 also includes cache memory 450 to facilitate 
quicker access between processor 432 and main memory 436. I/O peripheral devices 
often include speaker systems 452, graphics devices 454, and other I/O devices 444 
such as display monitors, keyboards, mouse-type input devices, floppy and hard disk 
drives, DVD drives, CD-ROM drives, and printers. Many computer systems also 
include network capability, terminal devices, modems, televisions, sound devices, 
voice recognition devices, electronic pen devices, and mass storage devices such as 
tape drives. The number of devices available to add to personal computer systems 
continues to grow, however computer system 430 may include fewer components than 
shovm in Fig. 4 and described herein. The peripheral devices usually communicate 
with processor 432 over one or more buses 434, 456, 458, wdth the buses 
communicating with each other through the use of one or more bridges 460, 462. 

One skilled in the art will recognize that the foregoing components and 
devices are used as examples for sake of conceptual clarity and that various 
configuration modifications are common. 

While particular embodiments of the present invention have been shovm and 
described, it will be recognized to those skilled in the art that, based upon the 
teachings herein,Vfurther changes and modifications may be made without departing 
fi*om this invention and its broader aspects, and thus, the appended claims are to 
encompass vvdthin their scope all such changes and modifications as are vsdthin the 
true spirit and scopeVof this invention. 
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